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Abstract
Background: In a previous study it has been shown that mean population perception of air
pollution correlates well with physical measures of actual air pollution and could be used as a
measure of exposure to air pollution, at least for those forms of pollution perceptible to humans.
However, for such a measure to be valid researchers would need to be confident that it was not
strongly biased by possible confounding variables. This study reports the association between
perception of above average levels of air pollution compared with others in the neighbourhood and
a number of factors that may influence reporting.
Methods: This was a postal cross-sectional study of 3402 households in England in a mixed rural
and urban area adjacent to a large industrial complex. Respondents were asked about their social
and demographic characteristics, the presence of respiratory symptoms and frequency of exposure
to a range of pollution types.
Results and discussion: There were strong associations (p < 0.01) with the presence of a person
in the home with respiratory symptoms, the belief that industrial pollution was harming their
health, social class, living in rented accommodation and reporting noise from neighbours and other
people's smoke. Smoking behaviour did not affect reporting.
Conclusions: We did not find any evidence of bias that would substantially invalidate mean
population reporting of air pollution severity as a measure of exposure in epidemiological studies,
though care may be needed in interpreting results where those factors found to be significant in
this study vary substantially between areas.
Background
In recent years, there have been many publications
addressing the relationship between various types of air
pollution and adverse health outcomes in human popula-
tions [1-6]. One of the problems faced by many of the
studies covered by the reviews referred to in the previous
sentence was accurately determining the degree of envi-
ronmental exposure [7]. Getting accurate measures of
exposure to airborne pollutants is especially problematic
in large populations over prolonged time periods [7,8].
Individual reporting of the severity of exposure has been
used in a very few studies [9], though analysis of individ-
ual perception of pollution is open to recall bias [8,10]. A
recent paper has provided convincing evidence that
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population mean perception is a good indicator of air pol-
lution [8].
Recent work has shown that population means of per-
sonal perception of exposure to various pollutants is
highly correlated with actual exposure as measured by
chemical monitoring and may even give a better estimate
of exposure levels when there are relatively few sampling
points [8,11]. Therefore, using population means of
reported exposure to air pollution would be a valid meas-
ure of long-term pollution severity [8].
However, the use of perception about the severity of air
pollution, on an individual or population level, has not
gained general acceptance as a suitable measure of envi-
ronmental exposure. Indeed a recent monograph on
human exposure assessment did not even discuss people's
perception as a marker for pollution severity [7].
In one epidemiological study of air pollution and ill
health [10] it was noted that mean levels of self-reported
air pollution corresponded closely with what would have
been expected to be the case from prior knowledge of
sources of pollution. However, individual reporting of
exposure varied markedly even over very small areas. If
individual reports of exposure are to be used in epidemi-
ological studies, it is important to understand which fac-
tors affect such reporting, other than actual air pollution
levels. Bias acting at the level of the individual is likely to
be caused by many factors, though provided those factors
are randomly distributed between populations, this will
not lead to a systematic bias in the estimate of air pollu-
tion. If bias is shown to be caused by factors that show
substantial variation between geographical locations,
then this would undermine the use of annoyance scores as
a measure of air pollution. This paper reports an analysis
of our data to determine some of those factors.
Methods
The study was a large cross sectional survey of residents in
the borough of Ellesmere Port and Nest in the North West
Region of England. This borough, of 18 wards, covers
both urban and rural areas and to the East of the borough
is a large petrochemical industrial complex. The actual
study is discussed in more detail elsewhere [9]. Of 6559
questionnaires sent out to residents across the borough
(representing 10% of homes in the borough), 3402
(51.9%) valid ones were returned. The questionnaires
were sent to the 'head of the household' to be completed
for all family members. Households were chosen ran-
domly from each electoral Ward. Non-responders were
sent a reminder letter 3 weeks later and if a response was
not obtained this was followed up by a personal visit
some 2 weeks later.
The questionnaire asked general questions about the
household, about certain aspects of the health of family
members and about their experience of certain types of
pollution. In particular, respondents were asked to indi-
cate their beliefs about the impact of pollution on their or
their family's health. Respiratory illness was recorded if
respondents answered yes to the question: "Does anyone
in the household suffer from asthma, recurring wheezy
breathing, recurring cough or shortness of breath at rest?"
The key dependant variable in this analysis was how fre-
quently the respondent noted industrial odour air pollu-
tion (none, at least yearly, monthly, weekly and daily).
Odour was only one of several markers of industrial pol-
lution used in the study; other markers were industrial
smoke, industrial fallout and industrial noise. Odour was
chosen for this analysis because all markers were highly
correlated and odour pollution was the marker most fre-
quently reported and was also most strongly correlated
with the presence of respiratory illness [10]. Odour pollu-
tion is also a significant issue in the area where the study
was conducted. Furthermore, in a previous study of resi-
dents' concerns about the health effects of a petroleum
plant, odour perception and annoyance was found to be
the principal mechanism mediating ill-health reporting
[12]. The median reporting frequency was calculated for
each electoral ward area. Respondents were then catego-
rised as high reporters if they reported odour pollution
more frequently and low reporters if they reported odour
pollution less frequently than the median for their area. It
was assumed that odour pollution was relatively homog-
enous across each electoral area. Given that the main
source of odour in the area came from a single industrial
complex to the east of the town, this assumption is fairly
safe.
Independent variables included in the initial analyses are
listed in table 1. Two other pollution variables that were
unlikely to be directly related to odour pollution were also
included in the analyses (reporting noise pollution from
neighbours and reporting exposure to other peoples
tobacco smoke). These were included in order to try and
assess the individual's likelihood to report pollution expe-
riences. Most variables are self explanatory. Social class is
based on the UK Registrar General's classification [13].
Basically, people in social class 1 are professionals, 2 are
semi-professionals, 3NM are non-manual skilled workers,
3M are skilled manual workers, 4 are semi-skilled and 5
are unskilled. Not all people can be easily classified, such
as many retired people, unemployed or students. People
were asked whether they believed that air pollution was
harmful to their health. Further details are given in our
earlier paper [10].Environmental Health: A Global Access Science Source 2004, 3 http://www.ehjournal.net/content/3/1/3
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All analyses were done using SPSS (Statistical Package for
the Social Sciences). Univariable analyses were based on
Chi-squared tests for trend. The multivariable analyses
were done using multinomial logistic regression analysis.
All variables with p < 0.1 were initially put into the logistic
regression model and then least significant variable
removed until all variables left in model had p < 0.1.
Results
The single variable analyses are listed in table 1. Several of
the variables were strongly associated with high and/or
low reporting. Presence of a child in the home, presence
of a person with respiratory disease, the belief that pollu-
tion is harmful, occupational class, home ownership and
reporting noise and other peoples smoking as problems
were all very strongly associated (<0.0001) with reporting
behaviour. Having double glazing and owning pets were
also significant at the 0.05 probability level. Using gas for
cooking or heating and people in the home currently
smoking or with a history of smoking did not affect
reporting behaviour.
The results of the multi-variable analyses are shown in
table 2. The presence of a person with respiratory disease
in the home, the belief that pollution is harmful, occupa-
tional class, home ownership and reporting noise and
other peoples smoking as problems were all very strongly
and independently associated (<0.001) with reporting
behaviour. Home ownership was also associated with
reporting behaviour. In particular, it is notable that
respondents from homes with a person reporting respira-
tory symptoms were more likely to report odour pollution
than the median and people with no-one with respiratory
symptoms were less likely to report. Those people who
believed air pollution was harmful to health were more
likely to be high reporters, though belief was not associ-
ated with low reporting. For occupational class, people in
lower social classes were distinct in that we see associa-
Table 1: Single-variable analyses of increased reporting of industrial odour pollution.
Variable Reduced reporting of industrial 
pollution
Median reporting of industrial 
pollution
Increased reporting of industrial 
pollution
P valuea
n % n % n %
Presence of child in the home No 688 28 1050 42 754 30 <0.0001
Yes 210 23 343 38 357 39
Presence of person in home with 
respiratory symptoms
No 677 29 1003 44 622 27 <0.0001
Yes 221 20 390 35 489 44
Believes industrial pollution is 
harming their health
No 184 29 367 58 84 13 <0.0001
Don't know 485 33 636 44 337 23
Yes 219 17 390 30 690 53
Occupational class 1 36 12 172 59 82 28 <0.0001
2 108 17 314 48 226 35
3NM 121 27 159 36 162 37
3M 178 25 268 37 272 38
4 167 35 150 32 154 33
5 3 33 13 73 53 53 3
Undetermined 255 35 293 40 180 25
Ownership of home Own home 593 23 1104 43 853 33 <0.0001
Rented 310 37 283 33 252 30
Uses gas for heating or cooking No 304 24 613 48 367 29 0.4267
Yes 592 28 777 37 741 35
Has double glazing No windows 377 31 449 37 391 32 0.008
Some windows 122 21 290 49 178 30
All windows 395 25 653 41 539 34
Own pets No 542 29 751 40 583 31 0.0006
Yes 351 23 637 42 522 35
Current smoker in house No 575 25 992 43 760 33 0.0585
Yes 323 30 401 37 351 33
Ever smoker in house No 331 24 608 44 437 32 0.3654
Yes 567 28 785 39 674 33
Reports noise from neighbours No 757 28 1184 43 783 29 <0.0001
Yes 141 21 209 31 328 48
Reports other people's smoke No 833 29 1219 42 826 29 <0.0001
Yes 65 12 174 33 285 54
a Where possible, p values are derived from Chi squared for trend.Environmental Health: A Global Access Science Source 2004, 3 http://www.ehjournal.net/content/3/1/3
Page 4 of 7
(page number not for citation purposes)
tions with both low and high reporting of respiratory
problems (in other words we see both poles of behav-
ioural response). People in rented accommodation were
more likely to be low reporters. Finally general reporting
of nuisance pollution (noisy neighbours and other peo-
ple's smoke) was more frequent in high odour reporters.
Low odour reporting was also associated with low report-
ing of other peoples smoke but not with reporting noisy
neighbours.
Discussion
Should mean population perception gain acceptance as a
measure of exposure to environmental pollution, it would
offer a number of advantages. Firstly it would provide a
fairly cost effective estimate of geographical variation in
long-term pollution estimates. Secondly, if as has been
argued, some of the adverse health effects of environmen-
tal pollution are mediated through psychological mecha-
nisms related to perception [9,14] then measures of
perception may provide more useful predictors of adverse
health effects.
Odour is a particularly complex sensation, requiring the
interaction between odorous chemicals, olfactory neu-
rones and substantial central processing [15,16]. The exact
mechanisms whereby people will become aware of an
odour are likely to vary depending on the particular mix
of odorous chemicals. However, a purely olfactory mech-
anism is most likely given the predominant petrochemical
sources. This view is supported by the observation that
odour was reported more frequently than other visual
indicators of industrial pollution. The full mechanism for
this process is beyond the scope of this article, other than
saying that odour has been found to be an important
marker of perceptions of air pollution and a significant
factor for reporting adverse health [10,12,16].
The observation of the association between having a per-
son with respiratory disease in the house and increased
reporting of air pollution is not surprising. Many studies
have reported that individuals with disease are more likely
to report increased exposure to presumed risk factors than
is the case found by objective measurement. This is recall
bias [17]. In the Swiss study, the authors found people
with respiratory disease report higher pollution than the
mean of people in their area [8]. Many studies of the asso-
ciation between disease and environmental exposure have
suggested recall bias as a cause of apparently significant
associations [18-22]. In the area of air pollution and res-
piratory disease, there are a number of mechanisms
whereby this may happen. Firstly air pollution may exac-
erbate symptoms of respiratory illness so affected individ-
uals are more aware of poor air quality because they are
more symptomatic where air pollution is worse. Secondly
should people with respiratory disease believe that their
illness was caused by air pollution, they may over-report
Table 2: Final multivariable model for reporting of industrial odour pollution above and below the median, estimated from 3386 
observations.
Variable Reduced reporting of industrial 
pollution
Increased reporting of industrial 
pollution
P value
Odds Ratios (95% CIs) Odds Ratios (95% CIs)
Presence of person in home with respiratory symptoms No 1 1 <0.001
Yes 0.749 0.612 – 0.916 1.532 1.278 – 1.835
Believes industrial pollution is harming their health No 1 1 <0.001
Don't know 1.413 1.131 – 1.765 2.107 1.597 – 2.781
Yes 1.061 0.822 – 1.370 6.086 4.622 – 8.013
Occupational class 1 1 1 <0.001
2 1.638 1.072 – 2.502 1.424 1.015 – 1.999
3NM 3.248 2.102 – 5.019 1.828 1.261 – 2.650
3M 2.776 1.837 – 4.196 1.625 1.157 – 2.283
4 4.367 2.836 – 6.725 1.501 1.028 – 2.191
5 3.075 1.675 – 5.646 1.516 0.847 – 2.715
Undetermined 3.324 2.214 – 4.990 1.247 0.873 – 1.780
Ownership of home Own home 1 0.002
Rented 1.484 1.182 – 1.863 1.060 0.833 – 1.348
Current smoker in house No 1 1 0.071
Yes 0.807 0.668 – 0.974 0.967 0.801 – 1.166
Reports noise from neighbours No 1 1 <0.001
Yes 1.123 0.876 – 1.438 1.621 1.304 – 2.017
Reports other people's smoke No 1 1 <0.001
Yes 0.598 0.436 – 0.821 1.779 1.407 – 2.250
Has double glazing No windows 1 0.070
Some windows 0.746 0.566 – 0.982 0.776 0.595 – 1.013
All windows 0.993 0.802 – 1.230 1.035 0.836 – 1.281Environmental Health: A Global Access Science Source 2004, 3 http://www.ehjournal.net/content/3/1/3
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exposure. This is linked to belief about the harmful effects
of air pollution discussed below. Although there is a risk
that differences in the prevalence of respiratory disease
could bias the population perception estimates of expo-
sure severity, this is unlikely to be a major problem unless
disease prevalence is extremely high.
The association with the belief that pollution is harmful
for one's health or one's family's health is also not surpris-
ing and has been previously shown [23]. However, the
association between increased reporting and belief was
independent of the association with the presence of respi-
ratory disease. This may be because of existing ill health,
other than respiratory disease, or because respondents are
worried that air pollution may be causing them harm that
has yet manifested as physical illness. The mechanism of
recall bias in this instance would be the same as for recall
bias and the association with the presence of respiratory
disease. One important issue in this regard is the social
amplification of risk [24,25]. In this context, media
reporting that emphasises risk to health of air pollution in
a locality, as is the case in some parts of the study area in
this investigation, may increase belief about the risks of air
pollution and, the likelihood of recall bias for exposure.
Such social amplification of risk sources of recall bias of
exposure are likely to be more important in estimating
exposure as more people may be affected by media report-
ing than by actual illness. Consequently the use of popu-
lation mean perception of exposure as estimates of true
exposure may be problematic if there has been significant
local media interest in this subject irrespective of any
objective measure of pollution.
The relationship between actual levels of air pollution, ill
health and individuals' beliefs about the relationship
between air pollution and ill health and the severity of air
pollution locally is more complex than suggested so far.
These variables are all highly correlated and have signifi-
cant influences on each other and are in themselves influ-
enced by several wider factors [23,26-31]. For instance,
social science research has emphasised the role of trust
relations, the (perceived) ability of individuals to take
meaningful action to attenuate the effects of air pollution
(e.g economically able to move, success in political lobby-
ing etc) and satisfaction with the local neighbourhood in
how people make judgements about the severity of urban
and industrial air pollution [32-35]. To take the issue of
neighbourhood satisfaction or commitment to place,
research has consistently highlighted how those least
happy with or committed to the local area are more likely
to associate other social and environmental problems
with their own neighbourhood [30,36]. This may be the
explanation why we have found an association between
reporting behaviour and both social class and home
ownership.
The relationship between social class and reporting
behaviour in this study is complex. Relative to people in
socio-economic group 1, people in lower social classes are
more likely to be both low reporters, and paradoxically
also high reporters. Why this should be the case is unclear.
However, the main effect is due to low reporting in people
from lower social groups. Other workers have shown the
relationship between socio-economic class and concerns
about air pollution and shown that this relationship is
complex [37]. Nevertheless, the finding that people from
lower socio-economic groups are more likely to both
under and over-report would minimise any bias on esti-
mation of air pollution from social class effects. Although
the range of reporting is greater in lower social classes the
median is the same for all social classes.
The association with reporting of industrial odour and
two other forms of pollution, passive smoking and noisy
neighbours is also of interest. These two forms of pollu-
tion were chosen, as they should not correlate with indus-
trial odour. Their association with high reporting of
industrial odour would suggest that some people are
more likely to report/complain about environmental pol-
lution, whatever the source, than others. The psychologi-
cal mechanisms for this are unclear and beyond the scope
of the current discussion. However, it may well be that
wider contextual factors, as discussed above, play a role. In
this regard measures of, for instance, neighbourhood sat-
isfaction, trust in industry/regulatory institutions or the
success of previous complaints might add to our under-
standing of the factors that influence perceived severity of
air pollution. This said, it is doubtful whether these factors
would substantially affect the value of mean population
perception as a measure for air pollution.
Of particular interest is the lack of any direct association
between pollution reporting and smoking behaviour.
Given the strong association between smoking and respi-
ratory disease found in this study [9], the lack of an asso-
ciation with smoking is particularly surprising. In any
event, the finding that smoking does not affect reporting
of industrial odour pollution is reassuring. Geographical
variations in smoking behaviour will have a major impact
on risk of respiratory illness. As such they are potentially
significant causes of bias in estimates of the impact of air
pollution on health. The findings in this study are reassur-
ing for the use of population perception as estimates of
environmental exposure.
The study from which the analyses presented here was one
of the larger cross-sectional surveys of the perception of air
pollution to have been reported from a single small geo-
graphical area. However, the response rate was only a little
over 50%. Such low response rates raise the possibility of
selection bias. For example, response rates were poorer inEnvironmental Health: A Global Access Science Source 2004, 3 http://www.ehjournal.net/content/3/1/3
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more deprived areas [10]. Nevertheless, because the
dependant variable was whether or not an individual
reported pollution more or less frequently than others in
his/her local area such biases would not have a marked
affect on the conclusions drawn.
Conclusions
In conclusion, a number of factors have been found to
influence an individual's propensity to report higher lev-
els of industrial odour pollution than others in their area.
However, with the possible exception of variation in
belief about whether air pollution is harmful, the data
from this study indicate that such factors are unlikely to
have a major impact on the use of mean or median popu-
lation perception as an indictor of exposure. Such belief,
that air pollution is harmful, is likely to be related to a
number of contextual issues, such as local media report-
ing and the social amplification of risk and should be con-
sidered in any epidemiological study. This said, the
findings support a need for additional research to enable
more sophisticated analyses of public perceptions, which
explore how aspects of social context influence estima-
tions of pollution severity, the sources of evidence that
people draw upon and the correspondence between per-
ception and a range of pollution measures.
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